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ABSTRACT 


A total synthesis of cise (3a) mand trans-a— 
damascone (3b) has been accomplished. A mixture of 4- 
carbethoxy-3,5,5-trimethyl-2-cyclohexen-l-one (16) and 
its positional isomer 17 was obtained from the boron 
trifluoride catalysed condensation of acetone and ethyl 
acetoacetate according to the reported procedure. 
Treatment of the mixture with 1,2-ethanedithiol and 
borontrifluoride etherate at 0°C resulted in the exclusive 
formation of the desired thioketal ester 18 and complete 
recovery of 17. Lithium aluminum hydride reduction of 


18 followed by Moffatt oxidation of the resulting 
alcohol 20 gave aldehyde 22 which on treatment with a 
mixture of cis and trans-l-propenyl magnesium bromide 
afforded trans-thioketal alcohol 23 and cis-thioketal 
alcohol 24. Manganese dioxide oxidation of 23 followed 
Dysdesulturization of sthesresultingeenones2 Ss usingsde= 
activated W-2 Raney nickel gave trans-a-damascone (3b). 
Similarly, 24 was converted to cis-a-damascone (3a) via 
intermediate 26. Details of the synthesis are described 
ins Ccnapter, lL of this thesis. 

The second chapter describes the preparation of 
keto ester 15, a potential synthetic precursor of 
fukinanolide (1), from 3, 4-dimethy1-2-cyclohexen-l-one. 


Photocycloaddition of this enone to vinyl acetate in 


benzene gave a diastereomeric mixture of adduct 17 which 
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upon treatment with aqueous sodium hydroxide in methanol 
afforded keto alcohol 18. Thioketalization of 18 and 
the desulfurization of the resulting thioketal alcohol 
were carried out under general reaction conditions. The 
alcohol 20 thus obtained was subsequently subjected to 
Moffatt oxidation to give ketone 22 and its C-5 epimer 


21. Ring expansion of 22 with ethyl diazoacetate using 


boron trifluoride etherate as a catalyst resulted in the 


fOormarion or 15. 
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INTRODUCTION 


In 1970, Demole and his co-workers reported the 
isolation of §-damascenone COR ineminucescuant ity strom 
Bulgarian rose oil (Rosa damascena Mill.) (1). It has 
Since been found as a trace component in Burley tobacco 
Oil (2) and in other natural materials (3-5). This 
naturally occurring ketone has an exceptionally powerful 
as well as pleasing odor and it could become a key sub- 
stance in modern fragrances (1). Because of its in- 
dustrial importance and limited availability from natural 
sources, much attention has been drawn to the synthesis 
of this odoriferous ketone as well as to that of its 
structurally related compounds. 

shore tyesalter 1tseisolation, p-damascenone | (1) Mand 
its four dihydro-derivatives, cis-B-damascone (2a), 
trans-8-damascone (2b)+, cis-a-damascone (Bajeandsubans. 
a-damascone (3b) were synthesized by Demole, et al., 
StaGeinget rom d—9(4)sandge-cyClocitra lat 5) mal). 

In 1971, two additional dihydro compounds, jy- 
damascones (6a and 6b), were prepared by a group at 
Firmenichn ss CO. using two different routes) (7). One,or 


the routes was based on the Wharton rearrangement (8) 


trans-8-Damascone (2b) has since been isolated from 


several natural sources (2, 6). The other damascones 


are yet to be uncovered from nature. 
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of epoxy-y-dihydroiononones (7a and 7b) whereas in the 
alternative procedure, the Wittig rearrangement of 
butinyl ether 8 served as a key step. 

A new synthesis of 1 along with its a-isomer 2 
was developed in 1971 by Biichi and Wiiest involving ethyl 
a-sufranate (10a) and ethyl 8-sufranate (10b) as key 
intermediates (9). 

The fact that damascones are closely structurally 
relatedstosoq (ia) eo LD) an dmy-  onone (iic)Pledamany 


research groups to investigate the possibility of inter- 


changing the conjugated enone functionality of the 
readily available ionones as a means for the synthesis 
of the corresponding damascones. In addition to the 
previously cited case, Bliichi and Vederas (10) as well as 
Ohloff and his co-workers (11) were able to achieve 
SuchmetonstOrmationus tn Goods yleldsmviasiscOxazolem unter. 
mediates, e.g. B-ionone isoxazole 12 and Rautenstrauch 
used the Meisenheimer rearrangement (11) of N-oxide 1 


as a key reaction in his transformation of a-ionone to 


is (Ge 
Diels-Alder reaction which allows the formation of 
cyclohexenes in a Simple manner is obviously useful in 
the construction of ®B-damascenone (1) and its related 
compounds. Cookson and his co-workers used the aluminum 


chloride catalyzed Diels-Alder addition of 1,3-pentadiene 


to 3-bromo-4-methyl-3-penten-2-one and to mesityl oxide 
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as the initial step in their synthesis of 8-damascenone 
(1) and S-damascone (14) respectively (13). An alterna- 
tive Diels-Alder route has also been developed for the 
synthesis of 14 by Dauben, Kozikowski and Zimmerman using 
Cletenehomas anrdvenophile (14)r 

Although several syntheses of damascenones and 
damascones are available, the existing methods for con- 
structing a-damascones (3a and 3b) require, as discussed 
previously, modifications of a-cyclocitral (4) or a- 
tonone (lla). The purpose of the present studies is to 
achieve an efficient total synthesis of these two in- 


dustrially important ketones without relay and first part 


of this thesis describes such a total synthesis. 
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RESULTS AND DISCUSSION 


For the present synthesis, keto ester 16 was used 
as the starting compound. The material so chosen has 
clearly the advantages that the three methyl groups 
of the target molecules cis- (3a) and trans-a-damascone 
(3b) are present and its functionalities are located at 
ideal positions for subsequent modification. Several 
methodsewere reported for the preparation of 16 (15-18). 
The procedure of Rubinstein (15) was ere. its 
simplicity. Although it was reported that a single iso- 
mer was obtained, the boron trifluoride condensation of 
acetone and ethyl acetoacetate under the described con- 


ditions gave, in our hand, a mixture of the desired keto 


ester 16 and its positional isomer l 


Taga tl OsO GeCa. 
2:1. Attempts to separate these two isomers by distilla- 
tion were fruitless. A similar mixture was also obtained 
previously by Surmatis et al. (18) using zinc chloride 
as'a Catalyst. They found that 17 could be selectively 
hydrolyzed by heating the mixture with zinc chloride 
in ethanol and water to facilitate the separation of 16. 
Efforts made toward this end did not result in 
any noticeable change of the mixture composition. The 
two isomers however were separable as noted (18) by 
extensive column chromatography on silica gel and the 


2 
pure 16 and 17 thus obtained showed spectral data 


a See experimental section for details of spectral data. 
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identical with those cited in the literature (18). 
Subsequently, the ketone carbonyl was converted 
into a thioketal group for dual purposes. In addition 
to serving an intermediate for the necessary removal 
of the ketone carbonyl at an appropriate stage, the 
thioketal group was expected to facilitate the preserva- 
tion of the location of the double bond on the basis of 
the previous findings in this laboratory that the 
presence of an adjacent thioketal group increased con- 
Siderably the stability of a double bond (19). The 
ehi1oketealization of l6ewas citected by its treatment 
with excess of 1,2-ethanedithiol using boron trifluoride 
etherate as’ Catalyst to give thioketal ester 18 whose 
infrared (ir) spectrum showed the characteristic ester 
and double bond absorption bands at 1732 and 1665 cm 
respectively and the complete absence of that of a ketone 
carbonyl. In the nuclear magnetic resonance (nmr) 
spectrum, the four thioketal hydrogen atoms resonated at 
6 3.28 as a singlet. Furthermore, a vinylic proton 
appeared at. 05563 aS a broad singlet clearly “indicacing 
the presence of a trisubstituted double bond and, con- 
sequently, its location. The Structural assignment of 
18 was further confirmed by the mass spectrum displaying 
a molecular ion peak at 286.10606. Similarly, thio- 
ketalization of 17 gave the corresponding thioketal 19. 


At this point, since the separation of 16 and 17 
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was rather time-consuming and since the ketalization 
products appeared to be more separable than their 
precursors on silica gel thin-layer chromatography, it 
was considered to be more efficient to carry the mixture 
to the thioketal stage and to isolate the desired ketal 
ester 18 thereafter. Consequently, a mixture of 16 and 
i7 was treated with boron trifluoride and 1,2-ethane- 
dithiol at room temperature and it was observed during 
the reaction that the latter isomer proceeded the thio- 
ketalization slower than did the former one. This 


finding indicated the possibility that l 


might undergo 
selective thioketalization under suitable reaction con- 
ditions. Indeed, when the reaction temperature was lowered 
£070 2C, "16 *underwentYthroketal@formationvexclusively 
andrquantitativelly*atter sevenrhours* whereas; laare= 
mained totally unreacted. 

moyconvertel Seintosesagand Sby 1 terequir csithesse— 
moval of the thioketal group and the modification of 
the ester substituent. The required side chain was first 
installed. Lithium aluminum hydride reduction of 18 
afforded, in 82% yield, crystalline alcohol 20, m.p. 
46-7°C. Its ir spectrum showed the absorption bands at 
3430 and 1650 cm + for the hydroxyl group and the double 
bond respectively. The nmr spectrum displayed two 


multiplets at 6 5.64 and 3.65 for the olefinic and the 


hydroxymethylene protons respectively and a Singlet at 
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6 3.26 for a total of four thioketal methylene protons. 
Alcohol 20 was found to be rather unstable. In one of 
the experiments, it underwent complete dehydration to 
give diene oar? when a solution of 20 in chloroform was 
allowed to stand over magnesium sulfate at room tempera- 
ture overnight. Even in pure state and at 0°C, it de- 
teriorated to certain extent over a period of storage. 
Attempted Moffatt oxidation of 20 using dicyclohexyl- 
carbodiimide, dimethyl sulfoxide, trifluoroacetic acid 
and pyridine (20) produced, in addition to the desired 
aldehyde 22, a substantial quantity of the dehydration 
product 21. The oxidation proceeded smoothly however 
when phosphoric acid (21) was substituted for trifluoro- 


acetic acid.and pyridine andvans80% yield of, 22, (mp. 


62-3°C was obtained. The ir spectrum showed, in addition 


uh 


to the double bond absorption at 1648 cm ~, the diagnos- 


1 whereas 


tic aldehyde bands at 2830, 2710 and 1715 cm 
in the nmr spectrum the aldehydic proton appeared at 
6 9.39 as a doublet. A molecular ion in the mass spectrum 


at 242.0799 was in accord with the assigned structure. 


© Diene 21 showed the following spectral data: Leer elm) 
1670 and 1598 cm (double bonds); nmr (CC1,) 6 5.63, 
| 
(broad s, JH; =CH), 4-88 (broads, 2H, =CHo), SL (ss 


4H, -SCH CH»S-) , 2 ale, (s, 2H, ~CH,-) r Leas (d, 3H, J = 


2 . 
LaSauzy =CCH 3), 029 0e(S5 26H, ~C(CH3) 5); mass spectrum 


M’ 226.08496 (calcd. for C,H,,53: 226.08519). 
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Subsequent incorporation of a propenyl group was 
effected by treatment of 22 with propenyl magnesium 
bromide prepared from a mixture of cis- and trans-1l- 
bromopropene according to the reported procedure (1) to 
give two isomeric alcohols 23 and 24 (m.p. 93-4°c) 4 
in approximately equal amounts with a total yield of 
93%. Their structures were readily assigned on the basis 
of the spectral data. The isomeric nature of these two 
compounds was clearly indicated by the mass spectra 
displaying in each case a molecular ion peak in agree- 
ment with a molecular formula of C1 5H, 40S>- In the nmr 
spectra the newly introduced vinylic protons appeared 
asea@dOubDl ety ingbothecases at, 605.52) and )5.30) Lom 2ogand 
24 respectively. In the ir spectra, a strong hydroxyl 
absorption band was observed in each case. The stereo- 
chemistry of these two isomers, however, could not be 
determined with absolute certainty on the basis of the 
information available at this point. These assignments 
follow from the subsequent transformations. 

The conversion of 23 to 3b and 24 to 3a could be 
achieved in principle by first removing the thioketal 


moiety and then oxidizing the hydroxyl group to a ketone 


or vise versa. Under the consideration that the ring 


ns 


2 It is highly conceivable that each of these isomers, if 


so desired, can be specifically prepared by the use of 


pure cis- or trans-1l-bromopropene. 
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double bond might easily move into conjugation with the 
ketone carbonyl being formed, it was preferable to leave 
the oxidation to the end of the synthesis. Desulfuriza- 
tion of 24 with Raney nickel was however not promising. 
Under a variety of conditions, it resulted in a complex 
mixture of products. Consequently, 23 and 24 were first 


oxidized to the corresponding ketones 25 and 26. Initial 
studies using pyridinium chlorochromate according to the 
procedure of Corey and Suggs (22) gave a multiplex of 
products. On the other hand, the use of the activated 
manganese dioxide (23) gave high yields of the desired 
products. On treatment with a thirty-fold (by weight) 


excess of manganese dioxide in methylene chloride at room 


temperature for ten hours, 23 was oxidized smoothly to 


O1 


give a 85% yield of ketone whose ir spectrum showed 


the a,8-unsaturated ketone absorption band at 1685 emt, 


The trans nature of the double bond was revealed by its 
nmr spectrum exhibiting a large coupling constant of 
i5sHz efor the: two ivicinal, vinylic) protons<at.s0) 6.803and 


6.21. Under the same reaction conditions, 24 afforded 


a 45% yield of the expected oxidation product 26 and in 


eaadieuon ee 2oein ole yieldy. = The stormationsOrethemlatter. 


compound required an isomerization of the side chain 


double bond. It is worth noting that the isomerization 
cA fe Se AD ta St NEED 


2 The stereochemistry of the oxidation product of 24, as 


well as those of 23 and 24 follow from this assignment. 
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process most likely occurred prior to the oxidation since 
further treatment of 26 with manganese dioxide under the 
Same conditions did not produce any detectable amount 


of 25. More importantly, when the oxidation of 24 was 


carried out using a less amount of activated manganese 
dioxide (twelve-fold excess), it resulted in the exclusive 
formation of 26 in 91% yield. Thus, under slightly 
different conditions, cis-alcohol 24 can be used either 


to provide additional amount of trans-ketone 25 or to 


form exclusively the corresponding cis-ketone 26. 


The thioketal groups of 25 and 26 were finally re- 


moved by treatment in 98% ethanol with W-2 Raney nickel 
(24) which was deactivated in advance in refluxing acetone 
EOrecight minutes | Under) theses conditions, 20egave 
exclusively trans-o-damascone (3b) in 56% yield whereas 

26nd forded equal amounts sof trans= (3b) @and)cis-o0> 


damascone (3a) ° in a total yield of 64%. The ir, nmr, 
and mass spectra of the two a-damascones thus obtained 
were shown to be identical with those reported in the 


Jiterature (1). 


: At present, we are unable to effect the desulfurization 


without partial isomerization of the double bond. 
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16 
EXPERIMENTAL 


General 

Mass spectra were recorded on A.E.I. MS-50, MS-9 
and MS-2 mass spectrometers. Ir spectra were obtained 
uSing Perkin-Elmer Models 457 and 337 spectrometers. 
Nmr spectra were recorded on Varian A-60 and HR-100 
spectrometers. Unless otherwise stated, carbon tetra- 
chloride was employed as the solvent and tetramethyl- 
Silane as internal standard. The following abbreviations 
are used in the text: s = singlet, d = doublet, t = 
triplet, q = quartet and m = multiplet. Elemental 
analyses were performed by the microanalytical labora- 
tory of this department. Melting points were determined 


on Kofler hot stage apparatus and are uncorrected. 


4-Carbethoxy—3,5,0-trimethy |=-2—-cyclohexen=1—one, (16) ~and 


6-Carbethoxy-3,5,5-trimethyl-2-cyclohexen-l-one (17). 


The procedure of Rubinstein (15) was used for 
the boron trifluoride catalysed condensation of ethyl 
acetoacetate and acetone. 

At 0°C, boron trifluoride etherate (290 g, 2 mol) 
was added dropwise to a well stirred mixture of ethyl 
acetoacetate (134 g, 1 mol) and acetone (116g, 2 mol). 
After further stirring at 0°C for 1 h and in a cold room 


(0-5°C) for 3 days, the resulting solution was poured 
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Onto crushed ice (ca. 500 g) and carefully neutralized 
with sodium bicarbonate (ca. 2000g) se the organic) layer, 
was separated and the aqueous solution was extracted 
twice with ether. The organic solutions were combined 
and dried first over potassium carbonate and then over 
magnesium sulfate. Filtration and concentration gave 

an 011 which was distilled. Three fractions (total 

Joa peeve yaeldjrcollected: ati l10=115°C/2.5) mna(4e4ja)iy 
BLGSUClC7 2. emme Ss cele), anda! o—150°C/2.5 mn 

(13.32 g) showed practically identical ir and nmr spectra. 
Their nmr spectra indicated that each fraction consisted 
Cie Op adele in sdetattonoteca. 92-1) @AusamplLesotethe 
mixture (500 mg) was separated by column chromatography 
on Silica gel. Elution with a solution of 10% ether in 
Skelly B gave aT C1 200iG) me Gaba Lm) elo ees cerm)r,aiLow 5 


(ketone) and 1640 cms 


(doublesbond )isa nmi (CCl,) is) Heygtetil 
(Tyee CU—), 4s 0(G,eeH, dee siz, -OCH5-) , Se 00M Gs; 
cH: = erreeesp 2eo2 GD rOadwCyeelL iy Jie Loe 2, ~cH (H) C=) , 
ZeUom(DLOad.d,ell,ev = Loshz, ne C=), USI AGL SHE 
=tcH), 1.25 (t, 3H, J = 7 Hz, ~CH5CH3), 1.10 (Sp Sy 
CH3), andes .05 )(S,. oH, CH). Further elution with the 
same solution gave 16 C2300 NG) eee Cen Cael jem ly So eS Lom) s 


LeTEMeetona), and 1645 *cma- 


(double bond); nmr (CCl,) 

SESeS 7 eCOLoad eS; .U, =CH-)), 4.17 (Ge 2 ye =—9 7, -OCH5-) , 
| 

2n92) (broad s,olHie—CHCOO=) 782.60 (CG, 1H, J = Lo Hz, 


=CH (H)iCO-)jer tie 20 (A sone =7itosu2, -tcH) , L* SSh( dja t:, 
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8-Carbethoxy-7,9,9-trimethyl-1,4-dithiospiro[4.5]dec-6- 
o_o IR Ee ARC doe syns amram OE a cae 
ene (18). | 


(A) From Pure i6. 

At 0°C, to a solution of 16 (130 mg, 0.62 mmol) 
in 1,2-ethanedithiol (0.6 ml), was added boron trifluo- 
ride etherate (0.1 ml). The resulting solution, after 
stirring at room temperature for 16 h, was poured into 
ice-cold 2 N aqueous sodium hydroxide (25 ml) and ex- 
tracted with chloroform. The chloroform solution was 
washed with water, dried (MgSO,), filtered and concen- 
trated. Column chromatography of the oil product on 
Selvcasgel musing sbenzenesasgelucn CrggaveeLs aan ca (Ladm) 


2900) (eater) Baal ieee eae 


(double bond); nmr (CCl,) 6 
5.63 (broad s, 1H, =CH-), 4.09 (q, 2H, J = 7 Hz, -OCH5-), 
3.28 (s, 4H, -~SCH,CH,-), 2.63 (d, 1H, J = 14 Hz, =CH (Hi )i, 
Seo ZiaS pel, -¢HCO0-) , 12970 (dye 1H frome 4 RZ CHW) —)% 
IGG (broad ‘si, “3H, =cH,), Le24e(e, SSH Ut 78hz, 
-OCH5CH3), 0.5a8(S est -CH3), ana, 0. go (si, 3H, ~CH3), 
mass spectrum M’ 286.10606 (catcdscom CH HB 90 Jeo: 


2865062:3)). 


(B) From the Mixture of 16 and 1. 


A mixture of 16 and 7 (5 g, 23.8 mmole) obtained 
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from the distillation of the condensation reaction products 
(vide supra) was dissolved in 1,2-ethanedithiol (20 ml) 

and at 0°C boron trifluoride etherate (2 ml) was added. 
After stirring at 0°C for 7 h, the reaction mixture was 
worked up according to the procedure described above to 
give an Oily product which was purified by column chroma- 
tography on silica gel. Elution with benzene gave thes 

(4.23 g, ~100% based on 16). Further elution with benzene 


resulted vin) themnecovery Of el?) (1.45109). 


10-Carbethoxy-7,9,9-trimethyl1-1,4-dithiospiro[4.5]dec-6- 
ene (19). 


At 0°C, boron trifluoride etherate (0.1 ml) was 
edded@to ar esolutioneorei 7 (120emgy, 0Vovemmole) Sink iy 2— 
ethanedithiol (0.5 ml). After stirring at room tempera- 
ture for 3 h, the resulting solution was worked up in 
the usual manner. Column chromatography of the crude 
Prodiucteonesiriica gel withsbenzenerelucionwgave? 19 saei7, 
(film) 1735 (ester) and1670 cm (double bond); nmr 
(CC1,) S 5eg8- (broad Spelu, “=CH=))5 347020 q, 82H; 0e= 7 Hz, 
~OCH,-), 3.20 (s, 4H, ~SCHCH5S-), 2.92 (e970 1H, ones 
165 -(becadess 93H; =CCH,), ie lLUett, SH, ave" oHz, 


-OCH,CH3), 1.05 (s, 3H, -CH3), and 0.92 (s, 3H, -CH3)- 
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8-Hydroxymethy1-7,9,9-trimethyl-1,4-dithiospiro[4.5]- 
rg ne an EL ER I eA) OEE ete ee ee 


dec]o-enem( 20). 

Lithium aluminum hydride (990 mg, 26.05 mmol) was 
Slowly added to a well stirred solution of 18 (5g, 
17.48 mmol) in ether (60 ml) at -78°C. Stirring was 
continued under an atmosphere of nitrogen at room tem- 
perature overnight. After which time, methanol was added 
dropwise until the evolution of hydrogen gas stopped. 
Water and saturated aqueous ammonium chloride (30 ml 
each) were added. The mixture was acidified with 1 N 
hydrochloric acid to pH 2 and extracted with chloroform. 
The extracts were washed with water and combined. Drying 
(MgSO), filtration, and concentration gave the crude 
product. Puvification of the crude product by silica 
gel column chromatography using pentane-benzene (1:1) as 
BSrucitegGaver 20M (o74aG,o2s)h eM D m4 O— ia BCC ENGI) ); sii 
(CHC1,) 3430 (alcohol) and 1650 cm (double bond); nmr 
(CCl,) 6 5.64 (m, 1H, =H), 3.65 (m, 2H, -OCH5-) 3.26 
(S74, -SCH5CH,S-), ISIE AGsh Sieh Ay ee Islvay, =CCH) , 0S, 
and 1.08 (both s, 3H each, ~C(CH) 5); mass spectrum Mt 
24450952" (Calcd< for Cy 9H590S2: ZA45 0955) 

Anal. Calcd sLon Cy 5H5 9952: Coron Hammon Zo Valo | 


DG Aree OCnC,) Cy, 9c Os eetly eG. LO 7am yee Ore 0) ic 


8-Formyl-7,9,9-trimethyl-1,4-dithiospiro[4.5]dec-6-ene (22). 


ee ee ee ea 
To a solution of 20 (153 mg, 0.63 mmol) in dimethyl- 
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sulfoxide (0.7 ml), were added a solution of dicyclo- 
hexylcarbodiimide (400 mg, 1.94 mmol) in benzene (0.35 
ml) and a solution of 85% phosphoric acid (4 p2) in 
dimethylsulfoxide (0.4 ml). The reaction mixture was 
stirred at room temperature under a nitrogen atmosphere 
ECOG Z0gh. ethyl eacetate (1.5) ml) and a solutionvof£ 
Oxalveraciag(153amg,. 1.21) mmol) sinsmethanols (3 ml) were 
added sequentially and the resulting mixture after 
stirring at room temperature for 30 min was filtered. 
The filtrate was added to water and extracted with 
chloroform. The chloroform solution after washing with 
saturated aqueous sodium bicarbonate, was dried over 
magnesium sulfate, filtered and concentrated. The crude 
product thus obtained was subjected to preparative thin- 
layer chromatography using silica gel as adsorbant and 

a solution of 20% ether in petroleum ether as eluent to 
Give mClc2emg,. C0t)i:eumop. Oc 3UCaMCEner ical faim) 


1 (double bond); nmr 


2730, 1715 (aldehyde), and 1648 cm_ 
(CC1,) S OeskP (Ge peeie ap Soy aA Seley Ss thy Ten, Bache See) 
2259 (S 7,040, -SCH,CH.S-), 2.40 pee Lo DOLD Gd, Luv each, 
2) 2) Absy 83 bAy “CH5-), Ce2GeO7) th de Om 2 -¢HCHO) , Tod 
ele Sith. aU Se Oe s ba -tcn,), TeO7mandml OAs (DOG. Sian l 
each, -E(CH4) 5); mass spectrum mM? 242207990 Galcade ston 
Ci 9H) 2052: Pee WGI) be 

Anal. GalCcdzmLen C1 2Hy 2052: Crm 0.463 He aise Oe 


Found: 7C, 59.37; H, 7.39: 


Zu 


TOR RI 179%1 9 arte ee aaa 
anes! aes 5 . ae + aeeat 
' pacer sigh i "RSA oF bt enw 
“aa hab z's ea vide nooner tae ade ‘ 
served! DAE saad at (tile: ortteptd hye asian | 
Shue sift tae Fa Pat push ah bat eemiles 
may iris pl iaintgaan’ be boanegh' eM ben tiatie , re, 
Bigs cies ee ltt ae Aaa ei) os ett 
ot! sapote’ ae FEAR elses a 
(nikki 123 is cane Jp key ved 
ain | (bpd dkatbedst Beis se Sable Bite’ | 
(ff) =: ine a ar. (GR. lass aut why ee a tgs 
vine At hae Ri é Cae {#2 


7 


Trans~ (23) and Cis-1-(2,6,6-trimethyl-4,4-ethylenedithio- 
ee a I he Yl eee 


2~cyclohexeny1)-2-buten-1l-ol (24). 


a 


To a suspension of magnesium turnings (60 mg, 2.96 
g-atom) in tetrahydrofuran (6 ml), was added a solution 
of cis- and trans-1-bromo-l-propene (obtained from 
Aldrich; 0.25 ml) in tetrahydrofuran (1 ml). The mixture 
was refluxed under a nitrogen atmosphere for 45 min and 
e0OlecdetOs 1 0CC. mrArsOluti on Of 22 (418 mg, 1.73 mmol) in 
tetrahydrofuran (5 ml) was introduced. After stirring 
at -5°C for 2 h and at room temperature for an additional 
2h, the reaction mixture was filtered. The filtration 
was poured into saturated aqueous ammonium chloride and 
extracted with chloroform. Work-up of the extracts in 
the usual manner gave an 0il which was purified by silica 
gel preparative thin-layer chromatography. Elution 
with ethyl-petroleum ether (1:1) gave 24 (234 mg, 48%; 


slower moving) and 23 (220 mg, 45%). 4aam. pe 93-426 


(ether), showed the following spectral data: ir (CCl,) 


i USawerieroy Gant Wasa) Gace 


(double bond); nmr (CCl,) 
Geos MOP, =—looeHZ, yee 5.38 (m, 2H, -CH=CH-), 
4.689(m, <1, -¢HOH) , Sec 4e( Sealy ~SCH5CH.,S-), ib gps) Cele 
SH, Je=ele50Hz, -tcu,), 1.67 (d, 3H, J = 5 Hz, =CHCH,), 
fobimands W.0d .(bothes,. oH each, ~(CH) 5); mass spectrum 
Mpe2eAml25a (Calcd. forsC,<H,j0S>mmeedn 269). 

Anal. CalcdtaecoOl Cy 549,059: C, 63.33; Hee Ones Ole 
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The following spectral data were obtained for 23: 


dx) 439m) 3470a( alcohol) snalie4s, cms Ue donble. bonds) + 


nmr (cC1,) O°5.52 (m; 2H, -CH=CH-), 5221 (broad s, 1H, 


j 


2 
| 

Ve ol, oh, oat, =CCH3), LO aac oii, =CHCH3) , 

T.05 and 0.99 (Both is, 3H teach, -(cH,) 5); mass spectrum 


oe 
M204. Zoom (calcd. ator Ci5H240S5: 284.1269). 


7,9,9-trimethy1-8- (trans-1-oxo-2-butenyl) -1,4-dithiospiro- 


[4.5]dec-6-ene (25). 


oe 


Alcohol 23 (600 mg, 2.11 mmol) was dissolved in 
methylene chloride (120 ml) and activated manganese 
dioxide (18 g) was added. The mixture was stirred at 
room temperature for 10 h and filtered. Concentration 
of the filtrate gave an oil. Preparative thin layer 
chromatography (silica gel) of the oil eluting with a 
solutionlo£)20%#ether inon-=pentanesafforded 25 (501 mg, 
85%): ir (film) 1685 (ketone), 1665 (double dond), and 
Lo25 omar (double bond); nmr (CCl,) G.SO0R(GG,. 1H jadi 
toyed +e=4625 2Hz,; =CHCH 3) j 62 1a Gd, aL ee LO pee ae 
1 5ehz ye -COCH=)), 5.69 U( broad -s, 21H, fe eres), 3.295 Cs, 


40, ~sCH CH»S~), 159 Ome(dd, 3h, ume 6O. Ue Onis, 


2 
| 
=CHCH 3) , WO 2 (Cy achive eels 5 =CCH3), 0.86 and 1.07 
+ 
(both s, 3H each -C(CH3) 5): mass spectrum M 282.1113 


(Cal coe -Lor Ci 5H 52082: 23201 lpr 
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Anal. Caled --for C1 5455085: CpG. -O rH 87 285° 


Sa 225 Oe enounds Ci? 6383; FHPEIC72 50S A1220511 § 


7,9,9-trimethyl-8-(cis-1l-oxo-2-butenyl)-1,4-dithiospiro- 


[4..5]dec-6-ene (26) . 


Activated manganese dioxide (3.7 g) was added to 
a solution of 24 (300 mg, 1.06 mmol) in methylene 
chloride (80 ml). The reaction mixture was stirred at 
room temperature for 6 h. Filtration and concentration 
gave an oil which was purified by preparative thin- 
layer chromatography on silica gel. Elution with a 


SOrucl One OL smethenr in n-pentanesatrordedy 26m (2/3 mag, 


91%); ir (£i1m)"21680 sims (ketone), 1655 (double bond), 
and 1610 cm (double bond); nmr (CCl,) 6 6.16 (m, 2H, 
=CH=eOH—)i a .0 /e(bLOades;,s LH, —CH-)i, 3.20805, 4H, 
-~SCH5CHS-), Ada? Aap, TRI =CHCH 3), HAO San (Cae sh pen m cant Sy 
=CCH,), 1.07 and 0.99 (both s, 3H each, -C(CH) 5): 


+ 
mass spectrum M 282.1112 (Calcd. for C1 5H590S5: ZB 2 eZee 


trans-a-Damascone (3b). 


A suspension of W-2 Raney Nickel (2 ml) in acetone 
(5 ml) was refluxed for 8 min. After acetone was re- 
moved by a pipet, a solution of 25 (52 mg, 0.18 mmol) in 


98% ethanol (10 ml) was added and the resulting mixture 


was stirred at room temperature for 10 min. Filtration, 
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and concentration followed by preparative thin-layer 
chromatography of the crude product on silica gel with 
ether~petroleum ether (1:9) elution gave 3b (20 mg, 
26%): ir (film) 1690 (ketone), 1662 (double bond), and 
1628 cm — (double bond); nmr (CCl,) 6 aI Mereks ahst- 

Jie— 5 ol, =O OH Zz, =CHCH 3), Srgths} (ters ably ap abe 
eel. eH Zee COCH=)i 65-52. (m, LH, =CH=)pye2. 75) ( broadus, 
LH; -tuco-) , IRA) (ersl, 2isi, a Sey, al) So Ibs) bay 

=CHCH 3) , ihe sisy W485  Siky <ay Sy sep ite =tcH,), 0.92, and 


0.383) (bothes,. GH each, -b(cH3) 5). 


Cis-a-Damascone (3a). 


A solution of 26 (60 mg, 0.21 mmol) in 98% ethanol 
(10 ml) was added to the deactivated (by the same procedure 
described in the previous experiment) W-2 Raney nickel 
(2 ml) and the resulting mixture was stirred at room 
temperature for 1.5 h. The mixture was filtered and 
the filtrate concentrated. Preparative thin-layer 
chromatography of the oily product on silica gel using 
a solution of 10% ether in n-pentane as eluent gave 3a 
(faster-moving; 13 mg, 32%) and 3b (13 mg, 32%). cis- 
a-Damascone (3a) thus obtained showed the following 
Spectral data: ir (film) 1685 (ketone), 1673 (double 
bond) and 1615 cmt (double bond); nmr 6.14 (m, 2H, 
-CH=CH-), 5.50 (m, 1H, =CH-), 2.67 (broad s, 1H, -taco-) , 
2.05 (d, 3H, J = 6 Hz, =CHCH,), 1.55 (t, 3H, J = 1.5 Hz, 


=tcn,), 0.91 and 0.85 (both s, 3H each elt) 9) « 


25 


, BBL, oF Pt ae. (ip) Bk.9 oe 
a ee eee ‘ihe bes -@ 
yan - J _ ‘ ty 4 er) - Ts sue Bb BR t ® \ - 


‘ ~ © 


> 7 y i : : 2) y 
phe ySOl0. (RODE ekRaal © 6 HE gtf eeel ig) 


totais €5@cnt (liek £8.90 fomrne? at to mossuios A Pai 

Sswobevund, Smee ely Vd) Gales tn on Sit OF , Dabhp a a (ta an: 
t — b 

Peale aan py i2n- wid cesgee bn wey Saleh ssc edie: < 


“ > ! 
S 


ipa t “6 pave 12 ww otis ‘il ats igs ads oan (hae =, ma } 


7 


RAB: b4 shes f yi sila) 4 Oy, 4 Jot anemia: > 
| oay0.- ais ov bs aagbee “sha shinee avata Lis sl } 
naa fen Hose 42 ne sounewa ue ont to Ye 1 AY 

eb meg soieti be 26! ORAM mh sata! eo tv bia 

ai vase oe £5. 5 eee? ob Wa rpitivend~ aes 

a a Laat id aud bmi) Hint ds ae ye | 
sy am feta ‘eo hes 


LO® 


il. 


2 


REFERENCES 


E. Demole, P. Enggist, U. Sduberli, M. Stoll and 

E. Sz. Kovats, Helv. Chim. Acta, Doge D419 1970) 

E. Demole and D. Berthet, Helv. Chim. Acta, 54, 681 
(197); SS, ress (1972). 

M. Winter and P. Enggist, Helv. Chim. Acta, Day Leo 
PE OST) 

K. Karlsson, I. Wahlberg, and C: °R. Enzell, Acta 
Chen -wecamoen eco ycos7 (O72 )e 

J. Strating and P. Van Eerde, J. Inst. Brewing, De 
414 (1973). 

B. wemdand, Aw J. .Aasen, and C. R. Enzell, Acta (Chem. 
SCanderaeeb 2/7 (197 2)7. 

K. H. Schulte-Elte, V. Rautenstrauch, and G. Ohloff, 
Hellivee Chim. wACta,;mo4 pL o0om Lovie. 

Peo. WiaGton ands). 7H. Bonlenye ven Org.) CCM. ya co, 
aie dey (ANSK SL) = 

Ge BuchL and) HH.) Wuest,) Helv Ghim-.ACta;, 54, hy 07 
OLS 7718) 

Geebuch mangeue) C.  VCOCT AS mu mnie heesClCM moOCe nan G 
Jil ee GLoZor 

K. H. Schulte-Elte, B. L. Muller, and G. Ohloff, 
Helv. chim. #Acta,, 56, (310 s01973)" 

J. Meisenheimer, Ber. deutsch. Chem. Ges., 52, 1667 
(1919); J. Meisenheimer, He Greeke, and A. Willmers- 


dort, ibid. 9557513) (1922) 


26 


bets. ete Aa 4d teal sdipae - % on cin aft) at 
| an fave ty i 

ai7f. ,THSEAR +4 9 ‘baedtiah bt depitan fy 

| aren) res v4 nie, aia a ’ 
(pqineas athe tReet) 8) ine wndgeeet .t pee 
| 4eyee) ME. + 


; ra 7 
ret ve Pheer, oi (®, pe viel eae sa° >. 
— “ y at Ww } | ; ; . 
JE TPES. ah) ge “i 
p ' i eh 
be if & iy bes. Sound * ay = raya! v4 ries fy Ht ae nt 7 
Led | ep | a. 7 
a :é (red) aheie arom seh. LR af pla. ty vee v 7 
{AS .' aad" Lb ‘pad ro qi 0 bias. “7 ved ce .4, Po 
| P a’ | } ‘ 7 a : 
Ria _ > (paar Slee .< iy 
: : b.) is 
VEY (be eee ey ee let ygeeun .} + Lead 2 
| i ates 
ie ._ 2b iteagile oo] % Eris. “ sabboltts ss 
mah) ee : kale ate 


a 


IS) 


ZO 


Zire 


oe 


Pig be 


24. 


PAA 


Keo Ayyar, RUC COoKkson, -andeDe A. Kagi, Chem. 
Commun., 161 (1973); J. erent SOC lL erkiny l,i cd. 
G1-9i7.5)) 

W. G. Dauben, A. P. Kozikowski and W. T. Zimmerman, 
tetranedronelLett., 915.5 (1975 je 

HeeRubinStein, i. OLg. .Chem..,m02g),6 3 566m UlLoo 2) ie 


E. Knoevenagel, Ann., 297, 185 (1897). 

G. Merling and R. Welde, Ann., 366, 141 (1909). 

J. D. Surmatis, A. Walser, J. Gibas, and 

Eee OMmme naa ea OL sac hem<,me 50 met 00 sum LOW Ole. 

be Cc. UL. Yao, Msc. Thesis, sUniversityaor eal bertcea, 
ISIE) 

Woe (omy Wepeeee Wises Tiga op ey (ble Te 

Kone errezner and. J .)G. Moffatt m0. Amer a Clecm.foOC ce, 
(tig eu TA® (MESSE 

Es J. Corey and J. W. Suggs, Tetrahedron Lett, 2647 
eo) )ae 

DTeeAtTLenDUucLlow pA. fee Decameron, aU mba CnapMan, 
ReeM- Evans, ab.) A. Hems ,mAw be AsevUansen, and 

Tem Wa bier uals eGhem ss SOC. 7 aeLOO4amtLoo 2). 

R. L. Augustine "Catalytic Hydrogenation" Marcel 


Dekker. inC.s aN: Yoyo OO pepe as 


mos 
: 7 T ‘ye fi,n8 { Stee Os. bg ON ms: A (aise 7 Ms 
‘ do\ 0 4 “ - L iw ae 
‘ _ : p 
fe po ; ie c Tt anes fhe ge hl. o> ie 
7 
7 ae 
, “e ) ae a a rt Cee, NET ay, Ke v va perky t ra a S 
“fob | wa 4) g +3 a 
(y t 4 fF} - ; ‘ es q eau 7 yh 4) sue ~ 7 "ie 
as ———— : 
: : : - : 
4 on re Dm hl 
af) if (ea mad .Bbler 8. bAA pHRALASH 
saafen A .acoaeriee «5 
har i= J 7) ¥Oe i Oy? , eo BELA. « 
Bh tile win “i 4 387) wou .T, yoomeaialt si 
(UV Ss? = . VEE® » eee ae) 
% 
3 ef 1° Vas 7 2 ere. ‘3 i 2c) ib ,30 2M , OEY + iv e qa 1. 
7 << nena, oo Gem ee tere lean teres re : : ~ 
+ etet 
\ 7 ‘ 
i] : pi ‘ : ; ' z t 
C } al s* fi = .F <a ime tt 2, é 
- — pane 8 
nut » +>? 
ISH) aw tea, phe pee | POY «= “We =] SORSte4s, Tee | 
—— oe ie ul ; ( j i n i) ra 
} * ~ Py. } o a 
»(ee2t) Toe PP ae | 
af j & 
i J — , 
’ oe ark ws 22 Gb \qeees ‘ iy a Ad Has yoo el we 
~ et repress ret : _ 7 5 
iy j ‘ee 
j ; ; \ 2 iy ‘ E. \¢ ‘ if 
a es 7 P ‘ 
Ps as ° * 
5 inet er a ae Pi en os Mh dts wera f, ALOT :? ae 
) 7 ’ : 5 Ns i : {: 
Be ene .A +8) Ai, Re 2964 
we ; 
{ Aa) 4 4,06 j ‘ 4 f 
_ WV CeyP aaen Vee ial) 
y Se ay, , 


— Ty’ hh i 


ry 


poomeM Watrhnsiowayn "2% 
: De ae | 


tbe 


INTRODUCTION 


In 1968, Naya and his co-workers reported the 
isolation, from the flower stalks of the Japanese wild 
butterburs, Petasites japonicus Maxim. (Japanese name 
"Fuki"), of several novel sesquiterpenoids, fukinanolide 
(1), fukinolide (2) and S-fukinolide (3), homofukinolide 
(4) and dihydrofukinolide (5), based on a modified 
eremophilane skeleton of fukinane (6) (1-3). At about 
the same time compounds 1, 2, and 3 were also obtained 
along with bakkenolide-D (7) and -E (structure yet to 
be reported) from the bud of Petasites japonicus 
subsp. giganteus Kitam by Kitahara, et al. who named 
them respectively bakkenolide-A, -B, and -D based on the 
local name "Bakke" for the bud of that plant (4-7). 

The structure of fukinanolide (bakkenolide-A) (1), 
the simplest member of the fukinane family, was deduced 
by its chemical degradation and by extensive spectroscopic 
studies independently by the aforementioned two Japanese 
groupse @i,84, 7). »thesecorrelation of ge andefukinoner(8)% 
whose absolute configuration had previously been deter- 
mined (8), via fukinan-8-ol (9) GQ @andaketones1 0m (4 a7) 
further allowed these workers to assign its absolute 
stereochemistry as shown. 

Shortly after the identification of 1 and the re- 
lated natural products, the parent hydrocarbon ic, ie 


optically active form was synthesized from fukinone 8 
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via intermediate 9 (9). Recently a total synthesis 

of racemic fukinanolide (ll) nash beensachevedstfrome2..— 
dimethylcyclohexanone involving the transformation of 
dil>l2vastaskey, step (10). 

Our approach to 1 is based on the new method 
developed in this laboratory for the synthesis of 
hydrindanonecarboxylate system (11). The method in- 
volves, as illustrated with isophorone in Scheme I, two 
important stages - the construction of a bicyclo[4.2.0]- 
octanone system from a cyclohexenone and the expansion 
of the derived cyclobutanone ring. The usefulness of 
Pieemmethod ingthe synthesis of leisequite obyvioussmmsy, 
a Suitable choice of starting material, 1.e.,)3,4- 
dimethy1l-2-cyclohexen-l-one, it should effect the con- 
struction Of the parent “hydroindane ring system ot Juin 
a simple manner with concomitant incorporation of the 
required methyl groups and the resulting §-keto ester 
moiety is highly suitable for subsequent manipulation. 
Furthermore, by vitue of the mode of the transformations, 
the method allows the exclusive formation of a cis 
ring juncture which is required for 1. It was also 
noted during the development of the method that the 
boron trifluoride catalysed ring expansion of biclo[4.2.0]- 
octan-7-ones with diazoacetic ester to the corresponding 
hydrindanonecarboxylates, e.g. 13+14, proceeded ina 


highly regioselective manner and the general migratory 
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aptitude was shown to be such that wherever appli- 
cable the less substituted a-carbon migrates predominantly 
or exclusively. This salient feature further facilitates 
the synthetic planning. 

The second part of this thesis describes the 
preparation, from 3,4-dimethyl-2-cyclohexen-l-one, of 
ketovester V5) which should prove to be a useful inter= 


mediate for a total synthesis of (+)-fukinanolide (1). 
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RESULTS AND DISCUSSION 


The synthesis of keto ester 15, a potential 
precursor of fukinanolide (1), resembles that of 14 shown 
in Scheme I. In order to introduce the required methyl 
Substituents, 3,4-dimethyl-2-cyclohexen-l-one was 
chosen as the starting material. The enone was readily 
prepared by Birch reduction (12) of 3,4-dimethylanisole 
followed by the acid treatment of the resulting enol 
ester 16. The anisole in turn was obtained by methyla- 
tion of the corresponding phenol using methyl iodide 
and potassium carbonate. 

Photocycloaddition of 3,4-dimethy1-2-cyclohexen- 
l-one to vinyl acetate in benzene gave an 82% yield of 
BNCeagduCt ly CONSiStinguOtsatleastelOunsdiasteneOmens 
as indicated by its nmr spectrum displaying four singlets 
at 6 2 region for a total of three acetoxy protons. 

The relative orientation of its functionalities follows 
unambiguously from further transformations. Since two 
(marked with *) of the four chiral centers present in 
the molecule will be either possibly epimerized or 
destroyed in the later stage, no attempt was made to 
separate the isomeric compounds. 

Subsequent hydrolysis of 17 with aqueous sodium 
hydroxide in methanol at reflux afforded a diastereomeric 
mixture of keto alcohol 18 in 87% yield. The ir spectrum 


showed strong hydroxyl and ketone absorption bands at 
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3400 and 1705 cm + respectively. The nmr spectrum was 
rather complex due to the isomeric nature of the material 
but clearly indicated the presence of a total of one 
methine proton adjacent to the hydroxyl group and a total 
of six methyl protons. A molecular ion peak at 168.1152 
in the mass spectrum was in agreement with the structural 
assignment. The ring juncture of LSGcould beyreadily 
assigned as cis, since it has been well established that 
in the bicyclo[4.2.0]octan-2-one systems, the trans 
ring juncture (if present in the precursor) is readily 
epimerized upon treatment with base to give the thermo- 
dynamically more stable cis form (13). 
thtoketalizationgol le8eusinge!l, 2Z-ethaneditniol 
and boron trifluoride etherate resulted in the formation 
GCEetnioKketalmalicohols LOginms2 tev tela [e.One of gthe 
diastereomers of 19 was isolated in pure form and the 
others as a mixture. The single isomer showed, in the 
ir spectrum, absorption bands at 3584 and 3440 cmt for 
the hydroxyl group and, in the nmr spectrums, a triplet 
at 6 3.93 for the proton adjacent to the hydroxyl group, 
andaasmultiplet atpoms 120 etonethe=loumethioketal 
methylene hydrogens. A singlet at 6 1.18 and a doublet 
at 1.07 were also observed for the two methyls. The ir 
spectrum of the isomeric mixture displayed the hydroxyl 
absorption at 3600 ae Its nmr spectrum was rather 


complex and could not be diagnosed in details because 
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of the presence of likely all three other possible 
isomers of 19 but showed the general features in accord 
with the assigned structure. 

For the subsequent removal of the thioketal group, 
all the isomers of 19 were used. The desulfurization 
reaction was effected by W-4 Raney nickel (14) in ethanol 
at room temperature and the diastereomeric mixture 
of alcohol 20 thus obtained in 86% yield showed the 
complete absence of the thioketal signals in the nmr 
spectrum. 

Moffatt oxidation (15) of 20 with dicyclohexyl- 
carbodiimide, dimethylsulfoxide, phosphoric acid in 
benzene gave rise to, in a total yield of 67% and in 
Cae erator me two someric ketonese 21 and rir which were 
readily separable by column chromatography. The iso- 
meric relationship of these two compounds was clearly 
indicated by their mass spectra. In each case, a 
molecular ion peak consistent with Ci 94169 was observed. 
The ir spectra showed, in both cases, an absorption band 
at 1765 cm for the four-membered ketone. In the nmr 
spectrum of 21, the angular methyl appeared as a Singlet 
at 6 1.26 and the other methyl group resonated at 1.03 


as a doublet. Whereas in that of 22, the corresponding 


methyls were displayed respectively at 6 1.01, a singlet, 


a 


1 Sones oxidation of 20 gave, in addition to 21 and 22, a 


substantial amount of lactone 23. 
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and § 0.89, a doublet. In addition to supporting the 
asSigned structures, these nmr features further pro- 
vided valuable information for the deduction of the 
stereochemistry of these two compounds. Of the two 
possible conformations, 21a and 21b, of 21 with the 
six-membered ring existing in the chair form, 2layis 
considerably more stable in light of the total number 
of equatorial substituents with respect to the cyclo- 
hexane ring. Furthermore, an examination of dreiding 
models reveals that the methyl on C-5 lies close to and 
within the deshielding zone of the ketone carbonyl. A 
down-field shift of the C-5 methyl is thus expected. 
On the other hand, the C-5 methyl of 22 is projected 
away from the deshielding-plane of the carbonyl in both 
of the two corresponding conformations which are probably 
of similar stability and is expected to appear in the 
nmr spectrum at a normal position. As a consequence 
of these considerations, the compound with the methyl 
doublet at 6 1.03 could be tentatively assigned as trans 
and the other with that at 6 0.89 as cis: These assign= 
ments were found to be consistent with those of the 
following ring expansion products. 

On treatment with boron trifluoride etherate and 
ethyl diazoacetate (11), 21 underwent ring expansion 
smoothly and in a highly regioselective manner to give, 


in 83% yield, keto ester 24 SxictincgepalceallyVeinelis 
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enol form 24a (~30%). Similarly, the boron trifluoride 
catalysed homologation of 22 with ethyl diazoacetate 
resulted in the formation of J) (J 2emye ld) containing 
both epimers and existing partially in the enol form 

i5a. The structures of 24 and 15 were evident from 

their spectral data. In the mass spectra, both displayed 
the expected molecular ion peaks at 238. In the ir 
spectrum, 24 showed, in addition to those for the ester 
and the ketone carbonyls at 1745 and 1720 cm? respec- 
tively, absorption bands at 3420 (enol), 1650 (ester), 
and 1620 (double bond) for the corresponding enol form 
24a. Similarly, two sets of absorption bands were 


observed at 1745 and 1725 ene and at 3450, "645 and 


1 


1605 cm ~ for 15 in its ir spectrum. Of special signifi- 


cance were the nmr spectra of these two isomers. The 
criplet atmo 3.16 for ithe C-38 proton of 24 and sthesytwo 
doublets of doublets at $6 3-31 and 3-06 for that of 15 
clearly defined the locations of their ester groups. The 
appearance of two doublets of doublets for a C-8 proton 
coupled with the fact that three singlets were observed 
at 6 0.99, 0.97 and 0.95 for the methyl on C-6 in the 

nmr spectrum of 15 further indicatedgthat bothethesG-s 
epimers of 15 were present. Moreover, an examination of 
the dreiding models indicated that the same stereochemical 


considerations applied to ketones 21 and 22 (vide supra) 


could be extended to the corresponding ring expansion 
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products. As a consequence, it was anticipated that, 

in the nmr spectra, the C-5 methyl substituent in the 
product derived from trans-ketone 2ivshouldsexertya 
noticeable down-field shift with respect to that in 

the product derived from the corresponding cis compound 
22. Indeed, the C-5 methyl of 24 appeared in the nmr 
spectrum at 6 1.23 as a doublet whereas 15 showed two 
doublets (due to either the epimeric pair or the enol 
form) at 6 0.79 and 0.73 for the corresponding substitu- 
ent. 

The acquisition of keto ester Joe Gepresents sour 
current advance towards the total synthesis of fukinano- 
Trdee (ls Lomcompaletcuthemsyn thesis seit eremainseto 
install the interesting f-methylene-y-lactone system 
Present inglsby modifying ether verseati less keto ester 
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EXPERIMENTAL 


General 


Spectra and elemental analyses were obtained 
and reported as indicated in the Experimental section 
of Part I. Ir samples if not specified were run as 
thin films. Silica gel was used as an adsorbant in all 
cases where column chromatography was used for purifi- 


cation. 


3,4-Dimethylanisole 


A mixture of 3,4~dimethylphenol (156.95 g, 1.28 
mol) and potassium carbonate (314 g, 2.27 mol) in acetone 
(974 ml) was stirred at room temperature for 3 h. Methyl 
iodide (314 g, 2.21 mole) was added. Stirring was con- 
tinued for 16 h and the reaction mixture was filtered. 
The filtrate was concentrated to ca. 250 ml. Water (80 
ml) was added and the resulting mixture extracted with 
ether (3 x 300 ml). The organic solution was washed with 
saturated aqueous sodium chloride, dried (MgSO,), and 
filtered. Evaporation of the solvent followed by the 
distillation of the crude oily product under reduced 
pressure using a 25 cm Vigreux column gave 49.18 g of the 
starting material and 109.79 g (91% based on the consumed 
starting material) of 3,4-dimethylanisole: b.p. AD =4 2C/, 
1 mm; ir, 1605 and 1580 cm > (aromatic) ; nmr (CCl,) 6 


6596-6045, m, 3H, saromatic)),) 3.52 9(S7 03H, -OCH3), and 
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2.05 (s, 6H, methyls). 


3,4-Dimethy1-2-cyclohexen-l-one 


—_—— 


At -78°C and under a nitrogen atmosphere, a 
solution of 3,4-dimethylanisole (50 g, 0.37 mol) an 
ether (870 ml) and tert-butyl alcohol (870 ml) was 
added to freshly distilled ammonia (1.785 2) over a 
period of 50 min. ~Lithium’ (42g, 6 g-atom) was added 
in small portions (ca. 2 g each) over a 40 min period. 
ALter further stirring for 5h, methanol (350° m1) was 
added dropwise to the reaction mixture and ammonia was 
allowed to evaporate at room temperature. Water (2 2) 
was added and the organic layer separated. The aqueous 
solution was extracted with ether (3 x 500 ml). The 
organic solution was washed with saturated aqueous 
sodium chloride, and concentrated to a volume of ca. 
100 ml. A small sample was further concentrated to give 
16 which showed the following nmr spectrum (CCl,): 9 
AmAda (im, elu, (=CH=-)', #72430 (8,830, OCH3), 257m (m, e4y 
~CH,C=CHCH,-), and 1.59 (s, 6H, methyls). The reaction 
was repeated using 59.79 g (0.415 mol) of the starting 
material. 

The crude reaction products from the two runs were 
combined and dissolved in methanol (750 ml) and water 


(80 ml). Concentrated hydrochloric acid (15 ml) was 


added and the reaction mixture refluxed under a nitrogen 
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atmosphere for 1h. The volume of the resulting solu- 
tion was reduced to ca. 200 ml under aspirator pressure. 
The residue was diluted with water (300 ml), carefully 
neutralized with sodium carbonate and extracted with 
methylene chloride (3 x 300 ml). Work-up of the organic 
solution in the usual manner followed pyedie cea en 
of the crude product using a 25 cm column packed with 
helices gave 3,4-dimethyl~2-cyclohexen-l-one (50.18 @) 
50%): b.p. 44-6°C/1 mm; ir 1670 (ketone) and 1620 cm! 
(double bond); nmr (CCly) OD . OGmr( mi melLH meOLeCin? ce mil o5 
COOpmUsece lec eH, -tcu,), is(eh Ih AMse Gel, fishy a) ee 


HZ, -CH3). 


7-Acetoxy-5,6-dimethylbicyclo[4.2.0]octan-2-one (17) 


A solution of 3,4-dimethyl-2-cyclohexen-l-one 
(30 g, 0.242 mol) and vinyl acetate (550 ml) in benzene 
(850 ml) was irradiated at room temperature using a 
450 W Hanovia high-pressure quartz mercury-vapor lamp 
and a Pyrex filter for 20 h during which time a stream 
of nitrogen gas was maintained to agitate the solution. 
Concentration of the resulting solution gave a viscous 
oil which was distilled to give a diastereomeric mixture 
nae ley) (OL eee) ts Melek EPP er akse tubule aie Abels} 


(ester) and 1710 Cris (ketone); nmr (CCl,) By 20 


4.50 (complex, 1H, -¢uoac) , EI My a cep wal 4S 


tite vero ty -OCH3), and 1.31-0.8 (complex, 6H, methyls); 
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mass spectrum Mt 2.06 


Anal. Calcd. for C1 2H 03: COG Oe eH me Oe OS 


POUNG mar ,0:01.:2.5:%H. | . Se 6a). 
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7-Hydroxy-5,6-dimethylbicyclo[4.2.0]octan-2-one (18). 


To a solution of 17 (10 g, 47.62 mmol) in methanol 
(100 ml) and water (20 ml), sodium hydroxide (5 g) was 
added. The reaction mixture was refluxed for 1 h and 
most of methanol was removed under reduced pressure. The 
residue was diluted with water (180 ml) and extracted 
wichsetner (i350 )mivand! 27x" 100 ml)e== The ether™solution 
was washed twice with saturated aqueous sodium chloride, 
dried (MgSO,), filtered and concentrated. The residue 
Wasedistibled=towgive 18°%6297 g,) 87%): "b.p.9120-30eC7 


1 


1.5 mm; ir 3400 (alcohol) and 1705 cm~ (ketone); nmr 


i 
(CC1,) 6426-3. ove CONpLexX je Hye CHO) 74.4 sym, 
-OH), and 1.25-0.87 (complex, 6H, methyls); mass spectrum 


mM’ 168.1152 (Calcd. for Cc TEOMII SOE 


Oa 
Anal. Calcd.” for C108 16°02: Cha Tila tse Neha ehle\e4- 


MOUtIC <p) Le LOe tt, eto nt 


2,2-Ethylenedithio-5,6-dimethyl-bicyclo[4.2.0]octan-7-ol 
ene lo tts AP I Sete  te  e  l a e A ae Pah ea 


(19)". 


At 0°C keto alcohol 18 (3 g, 17.86 mmol) was dis- 
solved in 1,2-ethanedithiol (12 ml) and boron trifluoride 


etherate (0.5 ml) was added. The reaction mixture after 
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Stirring under a nitrogen atmosphere for 16 h was poured 
into ice-cold 2N aqueous sodium hydroxide (120 ml) and 
extracted with ether (3 x 120 ml). The ether solution 
was washed with 2 N NaOH and water (120 ml each) and 
worked up in the usual manner. The crude product was 
purified by column chromatography. Elution with 
petroleum ether-benzene (1:1) gave one of the isomers 

of 19 (390 mg): ir (CHCl) 3584 and 3440 cm? (alcohol); 
nmr (CC1,) OS. Orr Liew = 7 eZ -Cuon) , Sez Or mM, 

4H, -SCH,CH,S-), 1.18 (s, 3H, -CH3) and 1.07 (d, 3H, 

J = 6 Hz, ~CH3) 3 mass spectrum M* 2445.09 525( Catcave.or 
C15H5)055- = 244.0956). 

Further elution with the same solvent system 
gave a mixture of 19 (3.20 g): ir 3600 cm (alcohol); 
DMs 4 ye DrOad S,;,mtOtalLe- sh, a OHI, 3.05) (Droadeda, 
SH Ue On iZ, -CHOH) , 3.20 (broad s, 4H, ~SCH,CH,S-), 
and 1.12-0.73 (complex, 6H, methyls); mass spectrum 
244.0948. 


The total yield of 19 was 82%. 


5,6-Dimethylbicyclo[4.2.0]octan-7-ol (20). 


i 


A mixture of 19 (3.84 g, 15.7 mmol) and freshly 
prepared W-4 Raney nickel (38.4 ml) (14) in 98% ethanol 
(100 ml) was stirred at room temperature under a nitrogen 
atmosphere overnight. The resulting mixture was care- 


fully filtered and the residue washed several times with 
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ethanol. The filtrate was passed through a silica gel 
column and the column washed several times with ether. 
The organic solution after concentration gave an oil 
which was purified by column chromatography. Elution 
with a solution of 15% benzene in Skelly B gave a 
diastereomeric mixture of 20 (277088g, 666%) 2 areseon 
emt (alcohol); nmr (CCl,) 6435-5 1026 (COMpD Lexie. Ho, 
-CHOH) , Bo OeorOad eS, = LH) e—OH ), rands 07-066 mUcompDLex, 
6H, methyls); mass spectrum Mt ESAS 62m Calcd = stor 

C1 Hy 9°: DRS ALS IA 


trans- (21) and cis-5,6-Dimethylbicyclo[4.2.0]octan- 


7J-one (22). 


To a solution of 20 (730 mg, 4.74 mmol) in di- 
methyl sulfoxide (5.5 ml), were added a solution of 
dicyclohexylcarbodiimide (3 g, 14.5 mmol) in benzene 
(2.8 ml) and phosphoric acid (0.03 ml). The reaction 
mixture was stirred at room temperature under an 
atmosphere of nitrogen for 22 h. Ethyl acetate (7.8 
mijimand assolution® of voxalic acid) (0% /8egq)Minemethanol 
(1 ml) were carefully added. After stirring for 30 min, 
the mixture was filtered and the filtrate was extracted 
with chloroform and washed with saturated sodium bi- 
carbonate. Drying (MgSO,), filtration, and concentra- 
tion gave the crude product which was subjected to 


column chromatography. Elution with benzene-petroleum 
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ether (1:8) afforded 21 (220 mg, 31%): ir 1765 cm 


(ketone); nmr 3.15 (dd, 1H, J = 17, J' = 8 Hz, -COCH(H)-), 
DRAB A daeeLy tes 174 on' Sinaiettzy. -Cocu(H)-), 1.26 (s, 

3H, ~GCH) andall 0S%Ca 7) Soin JCS 46 7Hz- ~CHCH,) ; mass 
spectrum M 1.52.1199 (calcd. for C,.H,.0: 152.1201). 


10°16 
Further elution with the same solvent system gave 


a mixture of 21 and 22 (ca. 1:1, 70 mg, 10%) and pure 
Z22e(190 mg;, 26S): =incl765 en (ketone); nmr (CCl,) 


woe 0Cm( da, (Ihe) — 16, 03° (= 8 Hz, —COCH(H)=)), 82.795 (dd, 


cy 


| 
= OF eee Om Ze COCH (H) —)) me Olen  Ssmeoh, petay and 
[ 
O239 S(ad - poh ea = 97 do = C2, -CHCH 3) ; mass spectrum 


Muni 52a1205 (GAticd. for C i Seay 


101625 


trans-8-Carbethoxy-5,6-dimethylbicyclo[4.3.0]nonan-7- 
one (24). 


AtrO0°C rato atscolitiontog 21 (420 ng, 2.76 mmol) 
in ether (5 ml) were added a solution of borontrifluoride 
etherate (784 mg, 5.52 mmol) in ether (2 ml) anda 
solution of ethyl diazoacetate (630 mg, 5.52 mmol) in 
ethere(2 mij). ‘Aftervstirring tat) room temperature@under 
an atmosphere of nitrogen for 1.5 h, the resulting 
solution was cooled to 0°C, carefully made basic with 
aqueous sodium bicarbonate, and extracted with chloro- 
form. The chloroform solution was washed twice with 


ice cold 2 N HCl and water, dried (MgSO4), filtered, and 


concentrated. Column chromatography of the residue 
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using a solution of 5% ether in benzene gave 24 

(547 mg, 83%): ir 3420 (enol), 1745 (ketone), 1720 
(saturated ester), 1650 (unsaturated ester) and 1620 
cm + (enol double bond); nmr (CCl,) 6 10.65 (s, ~1/3H, 
=oH), ATO, eon DOtNaG totals One Jean 7 5 67 each, 
-OCH-), 3.16 {t, ~2/3H, J = 9 Hz, -COCH-), 1.30, 

2 Oe (DOLIEE seater lL mol m= 7 oer eeach, ~CH5CH3), 1.23 
(d, 3H, J = 6 Hz, -CHCH,) and 1.20 (s, 3H, CH3); mass 


spectrum Mt 29 Gr 


cis-8-Carbethoxy-5,6-dimethylbicyclo[4.3.0]Jnonan-7- 


one (15). 


they wing-expansion of 22-and the purification of 
the product were carried out in the same manner as 
describediin ythesabove, cxperiment- | Frome226(338 mg, 
2.22 mmol), boron trifluoride etherate (640 mg, 4.44 
mmol) and ethyl diazoacetate (507 mg; 4.44 mmol), 487 
mg (92%) of 15 was obtained. It showed the following 
spectral data: ir 3450 (enol), 1745 (ketone), 1725 
(ester), 1645 (unsaturated ester) and 1605 (enol double 
bond) ; nmr (CC1,) OG See Lee DOtheC pmcOLalesH sue 
7 Hz each, -OCH,-), Bashy (dd, ec 0e2Hieus = 678 Ue =) oeHz, 
=COCH-) pmer0o. (dd, ~0.8H, J = 10, J.) = 8°HZ, -—COCH—);, 
12 29,) lec2ce (both tya@totaigsHy. Ue—tvalzeeach, ~CH5CH3), 
0.99, 06997790.96 (all s, total 3H, ~CCH3), On Sande On 3 
(both d, total 3H, J = 6 Hz each, -CHCH,) ; mass spectrum 


m* 238.1587 (calcd. for C,,Hj20,: 238.1569). 
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